Studies in space on various physiological systems have and will continue to provide valuable information on how they adapt to reduced gravitational conditions, and how living in a 1 g (gravity) environment has guided their development.
Postflight tests show increased heart rate and decreased pulse pressure as compared with preflight measurements. Additionally, increased leg volume during orthostatic tests were greater postflight than preflight, suggesting inability to regulate vascular tone following weightlessness.
Decrease in exercise capacity is also manifest after spaceflight.
Pulmonary Adaotation to Microgravitv
The pulmonary system exchanges gases with the blood and contributes to the regulation of acid-base balance, which is critical for survival --a sharp shift towards acid or base can be fatal. Anatomically, the respiratory system is comprised of the lungs and the pulmonary circulation.
Under the influence of gravity, gradients are established in the lung for gas volume (ventilation) and blood flow (perfusion). These gradients result in greater ventilation and perfusion in the bottom of the lung. The ratio of ventilation to perfusion determines the amount of gas exchange between the air and blood in a given portion of the lung. Therefore, the exchange of gas is best in the lower portions of the lung.
Because of limited data, it is difficult to ascertain the influence of microgravity on the pulmonary system. There have been no reports of postflight abnormalities.
Hypothetically, microgravity should alter lung distention, ventilation, and ventilation-perfusion ratios, thus improving gas exchange at rest. Chronic changes in ventilation-perfusion ratios may also affect the function of the right heart. Microgravity effects on maximal oxygen consumption are of the most vital concern because of its potential to limit work capacity in space and upon readaptation to 1 g.
NEUROVESTIBULAR
The neurovestibular system controls spatial orientation, coordinated motor performance, and postural maintenance with respect to gravity. Information from specialized organs in the inner ear, along with input from sensory pathways, is integrated in the central nervous system, the brain, to complete these tasks.
The primary structures for obtaining information regarding linear acceleration and the direction of the gravity vector are the otolith organs.
These organs contain hair cells embedded in a gelatinous mass containing calcium carbonate crystals called otoconia. Changes in head orientation or linear acceleration impart forces on the otoconia resulting in altered electrical discharge from the hair cells. In addition, the hair cells provide background electrical discharge commensurate with the force of gravity exerted on the otoconia.
The detection of angular acceleration is accomplished by three semicircular canals, accounting for the three planes of orientation.
Angular acceleration of the head results in fluid streaming in the semicircular canals corresponding to the plane of movement, ultimately producing an electrical discharge in ceils of that canal. Signals from the various sensory organs contribute to the pool of information that is integrated in the brain. This information produces a coordinated signal from the brain to the skeletal and eye muscles. Additionally, there is output to areas of the brain responsible for controlling digestion, blood pressure, and respiration.
Pressure sensations induced by gravity alter tactile responses during flight, which may also contribute to postural and spatial orientation alterations.
Adaptation to St_aceflight
In microgravity, the neurovestibular system must adapt to an altered set of sensory cues, which result in acute changes in the output from, or integration within, the neurovestibular system. Specific adaptations, considered below, include changes in spatial orientation, postural maintenance, the vestibulo-ocular reflex (VOR), and central processing in the neurovestibular system. Spatial orientation describes the relationship between the body and an external reference frame and is
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accomplished by comparing a variety of external inputs. Spaceflight can lead to impaired integration due to the lack of gravitational effects on the otolith organs.
This may result in a sudden reversal of orientation, the so-called inversion illusion. While the semicircular canals are relatively unaffected by microgravity, the detection of static head positions by the otolith organs may be impaired.
This alteration may lead to spatial disorientation, resulting in an increased dependence on static visual cues, the use of tactile cues (e.g., from the soles of the feet) to yield an upright sensation, and the alignment of the perceived vertical axis with the long axis of the body.
Maintenance of posture and equilibrium requires integration of information from visual, vestibular, and somatosensory systems. This information coordinates muscular activity to orient the body with respect to gravity. Under gravitational influence, set patterns of muscle activity are the strategy used to adjust automatically the center of gravity to a stable position following perturbations to the body. In microgravity, the sensory interpretation and muscular coordination are changed. These changes are thought to represent altered strategies of response such that the patterns of muscle activity established under gravitational force are changed. The VOR provides stable vision during head movement.
Ocular compensation to head motion is accomplished through a pathway between the semicircular canals and the muscles of the eye. Currently. little is known about the adaptation of the VOR to weightlessness.
It is hypothesized that the disparity between sensory input from various sources may result in acute disorientation and motion sickness. While the adaptations i0 microgravity render the neurovestibular system well suited for the environment of weightlessness, returning to gravitational influence requires significant readaptation.
At present, there is little information describing this process. Alterations in the detection of linear acceleration, a continued increase in the dependence on visual cues and illusions, such as floor motion during vertical movement, occur during the period following weightlessness prior to readaptation.
The degree and duration of such symptoms are probably proportional to mission length.
LIVER
The liver is the "manufacturing plant" of the body producing glucose, blood proteins, and lipids as can mimic potential effects on this organ. Some limited data have been obtained from rats flown on Spacelab 3. Undoubtedly, future studies are essential to ascertain whether spaceflight affects the function of this critical organ.
ENDOCRINE ORGANS
Many of an organism's adaptations to change in physiological status are related to responses of those that release hormones as part of the endocrine system. These may include the adrenal, pituitary, and thyroid glands, and the pancreas.
Hormone balance in the blood controls body metabolism.
Response of part of the endocrine system was discussed above in conjunction with the renin-angiotensin-aldosterone response and the change in antidiuretic hormone. Other important hormones include insulin, which promotes fuel storage and maintenance of body protein; cortisol (a glucocorticoid), which promotes the release of fuel from storage; thyroid hormone, which regulates body metabolism by increasing energy production; and growth hormone, which promotes tissue growth and repair. Imbalance of these hormones with altered physiological status has serious implications when the body attempts to respond to stress insults such as injury.
Spaceflight and Simulation Studies
An increase of blood cortisoi occurs in response to stress.
Both spaceflight and bedrest simulation increase the amount of cortisol. Another indicator of stress is increased human growth hormone. However, release of growth hormone from the pituitary may be suppressed during spaceflight, as suggested by a study using rat pituitary glands and cells. Indeed, spaceflight may produce some direct effect on growth hormone producing cells in this endocrine gland.
Insulin, which normally counteracts the glucocorticoid (cortisol) action, was found to be diminished after two weeks of spaceflight.
Possible loss of this antagonistic effect of insulin could have significant implications for the maintenance of tissue and organ size and the ability to respond to injury in space.
Thyroid hormone, which increases oxygen consumption and heat production, may be increased by spaceflight, This finding is in keeping with elevated needed. Additionally, it is the site at which the body oxygen cpnsumption and the highenergy demands in removes drugs from the circulatory system. Yet the space. Coupled with decreased red blood cell mass for potential responseof the liver to spaceflight is very transporting oxygen to tissue and organs, there could unclear as there is no useful Earth-bound model that be serious ramifications of these opposing responses.
ORGAN/TISSUE SPACE RESEARCH
We have just begun identifying the consequences of space travel on hormone balance.
A failure to follow these studies to completion could seriously impair our ability to maintain humans in space for long periods of time. Inflight measurements on humans and animals will be essential because postflight sampling is likely affected by readaptation to gravitational force. Use of animal and human Earth-bound model systems also seems fruitless for these studies as it is not yet possible to mimic the specific hormonal pattern of spaceflight.
RESEARCH PRIORITIES .
Determine the validity of the partially unloaded rat and human bedrest models for predicting spaceflight changes, both short-term and longterm duration, in organs and tissues, especially bone and muscle, and for understanding the basic mechanisms of these changes. What is the influence of gravity and its lack on the formation, turnover, and metabolism of support structures7
.
What is the relative importance of altered load bearing and gravitational force in metabolic adaptations of muscle and bone?
What is the role of the endocrine system in the response of the support structures to gravitational influence? 
8.
What role does gravity play in development of bone strength and muscle physiology or the lack of gravity in diminution of these physiological parameters?
Is it possible to find a mechanical or electrical perturbation that can substitute for gravity for the development of support structures? If so, are the responses to artificial gravity equivalent to that on Earth?
How does gravity influence biomineralization?
How does gravity influence physiological systems such as cardiovascular, pulmonary, endocrine, and neurovestibular? Use the microgravity environment to understand how organisms adapted their control (regulation) of organ/tissue function during evolution and how they adapt to changes in their gravitational environment.
Dissect the possible components of the gravitational influence to evaluate which is the major contributing factor in each adaptive response.
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To what extent will alteration of organs and tissues in space lead to impaired response? Will any response be pathological, or are they simply adaptive?
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